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jfflSTRACT 


A unit for production of powders of low melting 
point metals and alloys by atomization technique v/as 
fabricated. The main components of the unit were, a muffle 
furnace, a container, a nozzle, an atomizer, and a stopper 
rod. The effect of various operating parameters, viz. 
temperature of the molten metal, atomizing medium, nozzle 
diameter, and type of metal on the powder were studied. 

It was observed that, nitrogen as an atomizing medium 
produced finer and more regular particles as compared to 
air atomized particles. The effect of an increase in temp- 
erature of the molten metal was to reduce the average size 
of pov/der particles. Nozzles of smaller diameter also 
produced finer particles. Lead powder was coarser' and more 
irregular in shape compared to tin powder, produced under 
similar conditions. Flow rate, apparent and tap densities 
of nitrogen atomized particles were higher than the air 
atomized particles. 
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wiSMwlirt* Wl i wditi ww ^ 

'‘.:b© Hoi^no© of pow-ilei* i:-i«}talXitr^?5’ io by wo mmiB a 
Tiov; #no» Aeoo3?iiin.g to o, report by Hrsyw , tlie btisio prim- 
Gip‘lOf,i oi' pov?i:;ier netoIXur-jy vKjrt^ isoodl on m Impx'omim 
kokIg by ^CuCiian fjialtlKs ovor 20CK) yooro tngjo* A fmaom eooairnpwis 
4K«. ;:*oXl3i»*piilas,‘ wJiilob vi’oigho over oiac toija and hao not 
ooi^^’OiAOi loot tCOO yooro ita oKi«tcii.n<ie. 

.Uwrisfex tViO laot thi*eo»*AOtir deondeot sapoelnily aftor 
tSs»o v..' 0 rX^ th& Bppll^&tiom of pmdor Eetailxsrijloal 

to^bniipos^i *asi a sijatmfaoturinci pXKiJOoos have inoreoootl mny 

^i> 

im& of tho Foain woero of KsotaX powidoro lo porhapa 
tlio Hiitoiaotivo induotry*. la ^^lewlopoti conatrieo 2/3r(l of 
totiA mmifmtiirod io noo/t la Mnotry*'" An 

awrr^.f,,r,«i Ar« 5 i*iojufi ear contaim 10’’ of Ito fmrta lilse porotia 
olSidia?’ roof» oat eXntofwa mdo by paMor 

aotnlXuit^* b'ofraotoiy oarbMe powdoro are uo@t la 

laaltiteg tooXn for opooiaX pwic^oooot Ilk© rook trilling# 
cii*ttlai;j oowii ««iid oliio®!**^ *:^«t8|ioaonto raat© of tunf'^otta# 

ai»l toatalm powtora or® m&d in oloctrio balbs# 
tooilMoi*®:# » 0 iEOury oro and "•"se'eyo tnbeo* .Motal powdoro 
: - of So# ill# Mg and "isp in th& f om of ©olid fwolo ar® umd ’ 

4a rookol#- ®dii inioailo© 1psr:eawt'^0 
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r-OKsMii©, A notio oono of a roeket io mcio of oilvor 


twisi'otoi'u 

f-lotal jumMona \mvQ sArao foun^i .appliootiono in 
rdiesvl.^j! Xn a mioleox* ’tf* fiiel olenentJi 

fmX fc'onv3.'*«>l a'^sls of Bo, '^r and I'if oro made by poivdor 
toohiilcjt««E3 * BBnt;ioto ?- 5 old nnd oilvar 
|,?ov,rdC'3?» ftm'‘ tootb 'filling* 'f-eoa powdoi' Is wood in 
also In orirlelied ocsswalo, bixjoda, anirinl 
foeda, 'Vitjciiidno and pha3re:iao«uti«valo* ‘''I'leo© fir© only a 
fow ot tlm sifiiny ftupplioatiiona tiiat pov/c'ior ia 0 talinr,< 5 ioal 
tiCsisiiuliiHO© find in voidoua f'k>MQ ot day to day Ufa. I'n 
fact tiiACiye la no ojca^i^emtion in oayl«^ a powder xaetallurjSy 
I'iLsrt to li© *bbi«jiultoiia* 

SJhei'o aro a wiMtibor of KiotSiodo availablo 

to pA'aiitoe mtdl powdora* of th© Imijortant onoo are 

llatod ttM briefly tlioowoiaod In 1*abl© 1*1 

tho toohniQUOO Kontlonod In 'Pablo 1*1 
ataniaatiion lo perbnpi? on© of tise Koat vfldeXy usod tooh- 
aiqaof# of powilor x>rod%i.otlon for Iw/ and riedlwa 
point iflotalst di^e to low Invooteent ©oat, hl{ 5 ti pyoduetion 
rato, hotter cpnllty control and relative ©as® of ■ 
prsi!;iiIl.oyl«SiiS. 

atoKiisatloa wfi0 first Datontad 
by a (.f«r!W ooitatiot in iBBZ* ^'asloaXly atoMaation i® 
a psTOOtss of dlslntoiiiBtloin of a atrsaRS of molten raotal 
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by hi'-'h pj.’c^Kauriiisod air* go?? ot v/ater into 5’iue dropXeto. 

Eioohnnioal ntroai-^th of iicpid motal lo iraioh lower 
thou tbot of a oolifl motel « the forcso required to 
dioiatofi’mto tlie otroaia of liquid laotal ore tmjioh oranllor 
ooiBiK^'Ofa to the forcea required to dl 0 inte'i:rat© a solid. 

'vh© principle involved in the toehniqu© is fiohenmfclcally 
elwm in Figure 1*1. 

ntrictljr opoaking tVio terra ntoralisotlon 1© 

Incorrect for oven the omlloot part id© eontaina humirede 
of atoraa. It io however* uf^enorally accepted terra popularly 
and indue trinlly. 

fhe quality of the pov/der produced using thlo 
teohnique doponde on a number of opo rat ionaX parat'.o tors 
ouoh a© temperatui’o of molten raotal* vlocooity of molt, 
preosus.'© head of molten siet^* noasl© doeliin v^hioh inoXudee 
both dlomoter and noasle angle and preouuro and type of 
atomiaiag medium. "iHi© par {isiiie tore affect the quality in 
tonne of eiae* eia© distribution and obape. 

i‘h© ob;JcotiV0 of the preeant study lo to 
fabrioato a vmlt for production of powder of low siting 
metals and alloys by atoiai5«atlonf and study th® effect of 
some of the operational parameters on powder quality* 
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litwatirro is available on 
of fciotal i>oi#©ro by etoraisation toolmique. 
iHj ImB booji pointed out in tho pravicHLUJi obaptorj th© 
q'uri!i.ity of pov/dor px'^Hlucod dopondsi on mimber of ojjor- 
atiomi’i ?:'omo of tlto teportant onos are 

(1) sa-..isis!?friO'0 tenoion ©mi vioeonity of Koiten eiota'X# (2) 

of oolton raotaX, (3) preooui’o hoad of moXton 
iKiC'tsl ani .noE'.ssXo tHeolgn, (4) tieoignj (3) atocj- 

isiJtog SiUjJliin:?# (6) proaauro of Mtllum, and (?) 

additionis » 

In tiji® chapter an attosapt haa boon mdo to 
m brief mvioxf of literature on the effect of 
thi!ii4-i! |jttrar:&3toriy m the product <|uaXity* 

■X'he effect of surface tea® ion viaooaity of 

mXton r^taX on particle ohapo and @ln@ has been studied 

^ 10 11 
by lli»oa*'’t .^hoiopaioii f i^uttetaev’^* and ??iohtpor®niko ♦ * 

TSiob^w# found si^rfao© tension to be the primry factor 

- a 

goveraiptg the eie® of partioXe> whereas* Putiffltew and 
10 

MoMporonko contended that for laolten.iftetaX solidifying 
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nt vioaorrlty v/eiD tho 'leo^^ilvo factor* 

r^pv(}mnt^ " data on vlneoiilty 

mmimm aox' riolton tlsu oM letj^ at vai'ioufj- tecip'^r- 

at-tiK'ap* S'j.ma tho data it i« avMent tljat at uii»h tO!.;'pes;‘atv)ir0 
UiQ of liKj'JLtoa t3[,a end iead apj>rc»aOj'i€io ; ;..' ;,u 

yplb^s «l:©x^as3* an ohanga in cmj:‘i'?ACci“tenoiGn 

vmo.afeati!s;‘veid4 %t ia tiierei’ax^j mm x'atiortfxl to consMer 


aarfaeo %mu’XQn to l)o r3t>x^ i^aponslblo for particle ijlmpe 
amt ©iso* 

In , general aiirtaoe tenaion of fuolton raotal varioo 
botv/oon five to tea titaeo that of v/ator (73 clytieo/era) aad 
mi 43i?!ri?ig atOKlssation fine apl’iorical partlclee ere tikely 
to Ij© foiii'smi wf-^n surface tension and vioeoelty ere low# 



'S’Sffect o.f tORiporaturo oa particle chape aM sise 

t’S „ P? 

htss heon ctisdied by t’tnelX and Tisisce • , and 'rusoiapeoa" • 

*1'^ 

t’mll «nS fouarl that the likoXlhood of fonnation 

of fin© ©pherioal particles iacreeced with Inereaoe in 
Kujit tmii|»rritur© with vmtor m an atoiaiaing modtluinn With 
atmaiaatlosi# however .» an laoi'oiine in saalt teisperatwa^ 

dii rsot eKhihit my algnif leant elmm*® In particle K^hape. 

u 

ijteilar observation han been roportad by Thoiapison' In hla 
stiLjdsr on Iitlr mtoalaatlon of moliim mlmlniiUR.* In I5©n®ral 
the; 4©o»n®« in surf aee tension with Inorsaae In temperatnr® 


B 


*':!y 






f 

I 

J 






?!« (Sn) 




ayiiie (4 


Jl’lWGOSity 

ICr) Poise 

I 




teiaeios 


'5i«'il> 

1.C56 

1J60 

>m 


,f\ <’:f.\ 

13? 


■ 

463 


me 

w- 

I.B^ 

m 

600 

1,05 

sm 

134 


SOI} 

0«B7 

mk 


409 

ICjQO 

4i»r 

mu 

im 

. m 





Isut oiffoct ia ooiiifitOTed toy resiw-otioFi $m 



of hoad osul nos^il© iai€iGiet<sr iuwo 

1 1A 

toy Biscow » tmd 2)£stin«i ftjwdallmr . 

i'^porlOil tiJat am inoai'oao® Iw so%a3. iiead Inoroafjssd tho 
os isetejl paisssis?^;; t^iropf^h tiio xioacil© 

toitt'i ifiodiiwa at oowotawt priismis?^ tiit^ 

o?5es/;j^ citoiaiaatioii was aoeatJEmi}# Ciioiaoetjufiatly an 
InitTOaao M matal aiamtnt yia'idod ooanses? portlolli4s» 
'rtotofeiDsoa'" Mi 2 dlsouoeod tVco offoot of aaasJ).© dlainoter 


aottoriis^ff; to tote au insoreaso ia diaimjtoi? io likoXy to 
iaojsmao t’h# ©Iss©' Kliroetly • 


2.4 


Mri 


Bu»otoy^^ tes i5tiidtei tto© of foot of iKpin#^^er,aat 
asigio Of atomtear on paftie^^ mim» ■ >!© otooc^vod that aa, 
Is5e«m0o te as;:^le from to BroSaaBiS fi?.»r 
aad |2oa:if»itt0d tho «a@ of low wator pi’ooau.oe to obtain tho 
sM.# ote® powilor* At nii angl® graatw 3^’^ stomi ImokimM 
dofteotioii of atoaiaed >aiftiol®s;©.ocj«i‘r®d* tegra® and 
laardallor kmo xaporttd m trioroaso tn sistTOnt of fio® ' 
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tiU 
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tiie €s;r \'m%or Jot froia 24 '- 

mmial&r Jet fx'om 13^' to 17'^ 

’V* (po Jet fmm 17 * to SQ'*'* 


to 


2/i 



."r iijrc^o m®bor of ??,totni®iirig snedla vi'^. oir* 
rd.t3K!Pi;:'e?4 vmtor* £itoar^» ej^othorsdo gai3©r» am! thoii? 

*7 ^ 

slsliim^e htwe feooa i?.0o5 ill pjmotloo* *Tor«©o' oitd I'teon*'' 

fai?M ««o^i Siiolton Kotol tvao atoj'iisiod by otr or .<';a8 

to 1 > 0 ooFno IrrOfC^sIor isj ahopo ot tbe point 

of tepitiiloiE^'OSJt but boooiito© of h;l^;h ourfooo tonoioml 

foroor? tl'Oy Iit3?5 n. tomlenoy to boeoTO ophorloal <!uri.i\r? 

tlioix** full* In onoo of wntor nn «m atofslKlng tsedluTaj 

bowowr# til© i^roator distoi’tlri^l forcoo mid oowrity of 

^itueuolii tondod to retain the orijjinal irrogsular ob.apo 

tlioir fall:. ^I'li'ija air# no an atomiairig i«^©dium tended 

to fas*®! a protaotivo o%ido film iiMsadinteXy' on istomlaiation 

wbioii p*oaorvad %M initial as atomissad irra^jular ©impa. 

:.i^a©a and Jslno far this reaaom os*a UfAially irra^iular# 

1*/ 10 

Oeanor and produoed fisi® apborlcaX powder 

10 

mim* insrt and estottermio ^aooa raspootlvoly* ’%raor ' ♦ 
ouoc@@afull3r uaad a mixtui® of dr^ auperhaatad ot«aia aM 
air far px^duoing alttsilaiura owdar by atoialaatlon. 
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p&^aimtQT* .i.ho hlghoi:* tho of ©torrlaiii?? s^^itsra 

liii/’ltai* io tlio feimtle ort'isj?/?;/ availal^l© fos* ntomlaation 
a% i&);!iiE,:|es:igmt point asid thin ros'^alta in liiiglwr eu-rfaco 
of laeta-X pow^oxs 'itwmpesi'n'’ atnsJiod tiie offset of 
proiiij£r4!f.s.‘a on partiolo 0 IZ& for a;lii?«*«ite)£3iae4 nlminlu)r?i 
pmUm* «m Imrone® in pr©05-jt}g:v^ increnooci th© rate of 

atawiJa^tion and peroontaijef t^olght of fiiM^r f motion* fimm 
i© nmi&fm' n temaboM vaXu© abav® vihloh aa inomaeo ia 


pmoiinm iM m% tm-mimn th© finsneoa of the powder* 

*1^ 

"imiisi “■ aact In,!?ran l;ave mportod on inorsao© la fine 
fmatioa of pov^der with inaroasocl .gao and water pmonur© . 


S>*T 



/alloying add it lone britii! about a ebrnige in 

i?pnrfaeo tenaion and vioaosjlty of jneXt and tberahy affeet 

P% 

tlws? psrtiol® oiae and ahepe* t^rU " diacoverad that 
addition of %l» Cat Tj 1 » fi ami tv to eoppar produoed 
lrr© 0 ’iXarXy ahopesl partiolea whan water atoiaiaed* 
J'iiel: 4 pomafe:o and l^’alda reported that %» Ca,, T,i^ Tl, 

4':ln aM iVl daf OfOTd powder iJartioXao by the eurfaoe 

pH 

of uioXten copper* Fmdoreheiako and Siehipornko 
oonoXudai that aXloyltM* addltioiia which Xowared anxfaoa 
wmtm i^: JO to 40;5 dM not pwymt aphorodiaatlon* 



s'ti«!coX }!«?• iMilliB" 0#*) wt* M. Th©^?' 

fitfs;^it‘ist;©3 thia :l'rro.::plari%i^ ±u ehaj.!© to cxidgition of 
at tl;© inot^ant of atcMyiaattara whio!; roioei 


vi;!:!esf?i% of iiiolrel jaolt ^■■■i©'V’C 1 rl^;il oj.N^.orn* '"’•liilM in tnsfn 
in^i'Oost'Sil tho tte© a’^Quire^ fen?' ap^ioroAinatiors reonlti'?^ 

n/\ 

ia ;tef©;:p’lf:?rly shaped powder*, 'ramra aaiX ’^''akeda' " » aa4 
dojiaer .iiiiggeated tlmt tho temperature ii^ap between aollduo 
uM Xit:iuMiw would imvB aomo i?if:litoriO@ on pax'tlol© aliBp© 
of fftomioai alloy pov^tera* ■’'.''amirm end ‘M'leda' have 

an irioreaee tn irregularly etiaped ooppor powiler 
on jidditien of lOI'S Hn and 1."b|, which liisreesed tempor- 
atts“0 g8|^ liietween llijuMuo m& Bulldue by 190^'* 0 aM 


reepc-soilvaly, i\«oor<ltri;:i to ♦Tonoo* liowovor* a large 
teiap-er«iture gap would reoult In increBeed time for ooli- 
difioatloii of metal droplet© m& th,erefor® longer time 
far {mirtfaeo te?iolosial foiosee to forw ephorieel partiolee# 



oheptw haa been into tv/o ps^rta, 

I’l) l’'«^i?5:*loation of osenax^iisontal imlt# and (=?) 
%peri^?!.c}!!Vttsl toolmiq^AO, 






a’he ooaeritlal ooBponoata of an atoKlainf.^ unit 

0 X ^9 

(t ) fjolting dovtoo to ir/&Xt tls.® jsatal or alloy to bo 
a'teiaod, 

(2) ti. oontator to hold tho tioltoa 

tih? ©k nosisslo tlironsgl'i whiob laoXton »i©tal la pnaBed# 

(4) ckti ntoralisor to forja on Irai'slnjsoiaeint point of high 
pi;®uiaurii3@d, air 4^to» 

C‘^) «i atoppor rod to control tii® flow of molten raotol* 


3«1«t £!oltlni| IJttttJ 

Xn tho tKjgiimlag wiion the. wotfe waa started It 
was ‘leeldM to tioe a 152 iC?fA Mwotion fomeoe# hftm 
nbont jjionth® of ejcporimntatioii the -i^irniioe mn% out 
of oMor >M 00 at that eteije it wot deoMei to oonatssuot 
o now Moiatanoe furoaoe^.^ 
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.4 vertlcle xiiufflo .I’osio-tame fwnac© with 
tK> mi i'-.u, jMil 37*3 OK» hQl;?Ut Imvitii:; botl* the aatla opeti 
a:ia si'i workiin^^ ssoko of 37. *3:^10x10 osa-' vms eoiBtmi- 

otiOfi. A aohottiitic of t^j© ftirnao© m i-sart of 

unit 4© nliowti in l?4^.t«ro 3.1. The bottcsa of th© 


i'U'i.'a0.o® wm roKovable type. Ti?® h,eatinf2 ©lemon t v^a® In 
t4.{© fo;m of a l/J?" diiBir^eter ooil of 16 wit*©. 

Th© oo’i’l. ifad a total reoiatsinoo of 30 and was ©mbsdod 


in 'r©3:'ti©l© niotcj apooially mdo in fir© alay briclcs. Th© 
©ail wao ko|)t half exposed to the ssntalMr* The Mm of 
keofini'S tfm ooil half ©xpoaod wsja to attain m hlf^h a 
ttiitvemtnre as posslfel© wttlicynt inoroaslnp* the power Injmt. 
At omi’M tf© pofjalbl© to resell a temperntur© of ebow.t SOO-0 
witbin e perioil of four to fiv# hoars . f%gn.oaia powder 
Vi«s to provide insulation paekinf?. '%o chror’ol* 

alwisl thercioocmploa oould, \m plaood at the centre of th® 
out of which on© was oonn©otod to a teiaperatur® 
oontrollor and the other to a potent lom© tor for direct 
!BXiasiuw:3tnt of teiaperature of jsolten mtal. 


5*1*2 iiontalMri 

A «i;^linslrioal graphite oruoihle of 7*3 
diameter wsi 20 m length was used m a oontaimr; to Kelt 
imd th®a. to hoM the ratal to ha atoralasd* A two step 
hole#: aa shown la Fl^^ur© 3+8 was drilled* This provided . 
a %aM on which mssa^ roeted# fhe ©Imp® of the oinxclh^ 







Atoffilaation i30t**up 


( 1 ) 

i2) 

(3) 

(4) 
(3) 
( 6 ) 
(7) 


( 0 ) 

(9> 

( 11 ) 

(IS) 

(13) 

(14) 
(19) 


(10) *• Ohromel-oluraQl theaiTROQOuplo 

«• Furna<}«! input oonneotloaB 

- ?iro Olay bricks 
«* Mn5'p\Gsia packing 
-» Fantbal wire coil 

- (»raphita oruolbl© 

- IHibbor tubli^ for air ami gaa Inlot 
«• !U.ainlGa0 atael atoroiaer 

- !>cnd woi.ght 
-• Stopi>or rod 

- An^jlea oupportint? fumao© 

- J^ipe support lns> ntoraiaor 

- Water bath 

«> Aniglea supporting water tank 
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found to be an important factor to avoid aaouiriUlation 
of mXton metal at the ond of the trial* A oeramio 
ooetlnigt the oviter ci’uoibl© lovmred the rate of oxidation 
of the cmolble and thus inoroaoed Ite life* 

3*’l*Iii HoBjalo and Atomiser Aeseuiiblyj 

Before arriving at the deoifsn of the nostslo and 
tlio tttosiiaor finally used in tlso oet-up, a number of 
designs wore tried and diooardod booaueo of one drawbaok 
or the other* isoc® of thoeo designs and the reaeonci of 
their failui’e oto briefly dlacuosod below* 

^h© initial aeeeiably of noanle and atomiser lo 
shown in Pifiure 3*2. This arrangement did not work beoaus© 
hiiih presisuriaed air when passed through the atoralBor 
oroatevl trewendouo cooling inoide the atomisser v/hioh was 
In direct contact with the noaiial©. Thi© brought down th« 
ifiOKKl© temperature below the raeltlnn of metal resulting 
in pi’esatui'a 0 olMifieatlon» md thus hindered th® 
atomlaation prooesa* 

An attempt was foad® to minimise this oooliyig 
effect by providing an insulating oeramio tube inside the 
aossl® I'ijittro 3*3* this did not work because molten 

Mtal Am® atm in direot eoataot with the tiosale at the 
ttoasle tip* ^he metal got ohilled at the aoasle tip and 
blocked the nossle openiBg* A further taodlfioation In 
whitrh both nosal® aiad atomiaor were externally heated 





1 ? 


i ,-u if'i 


1) 

ca 

a) 

C4) 


i'^aiuiXct a»8i®ia‘bXy 

t'Oltoa isiotal 
^?mr)l>lt© oaaiOibX© 
•"tainlesa noaf3l® 

^•tf5Xnl©®9 ate®! ntmijif^er 


y 

rw.;: 




Tfai555X€3«-atofni55®r noseinibly with comT'lo ttib® 


(1) ?.^taX 

C8j 'fmphit® amclble 

(3) ^»t«i^ll©®el ete®l a®r5J5l®> 

C4) ntml eitossi^.oy 

(S) C'oiTiwi® tube 


P'%* 3*4, iToaalci-atomiaer aasefstiXy viith ©xteimaX h®atl«g 
arxiiani?9::<i©iit 


Ct| 1-olten aistaX 
Uli CY3?aphit© ojnioibl© 
p) ►J'feainleaa atael nosj^X® 
(4^ Kthirilas® ateel atetilaor 
C^i fioaistano® furmo® 

CiSji lUjmala tub© 



^fosJal«**atom4^®^‘ a®»©Kbly 


i 1| i30tal 

Si Qraphlt® (33?uoibl© 

3 } ©upportifig the etonlaer 

4 1 J'talttXeae ateal etosiiss©** 
fi) Aliiiniiiiuia aheet 
0 h&'bmtom 0heet 
?) f,’tai«Xea® at eel noMl® 
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e S'«50ii5tono0 i\jr3iaoe, ^'l-tyr© 'i»4 fnllml to provont 
|.-ii’et;«;itisi*Cf aolMlt'larxtlori* 


■ftt it waa <:l©oid<3(]l to oopaxp.t© noKsle 


atoiiiioex*# iUtalgn Pl-juro 3. *3* altliough 

nt tlifit ttee, woo aiooppaod for it gov© q3i oliip** 


}'5«i!it proliiloi!}* Siio atr©oia of cioltoR siotal did not fmXl 
escaotl^ 01^ the iiapirtijoiient point ond roriiolned ujiaton'daodi, 
wilosa feyuielily ollgnodif which v;o8 o pr'obloJ?i in itaeif* 

■ill tlsoac problomo wore tolEein eax’o of to a largo extent 
in n wliioh was finally orrivad at and le dismBOssd 


halm* 


Hassles 

A otainlesii steel nosale having m ainall 
o):»enisfe| s>.f 1/16” diaraeter wao fabricated as shown in 
?^iptrC' 3«6* ^he mm%& contained a shaped cavity 
which pawlded a ©eat for otalnleoa oteel stopiwr red 
which -wben' lifted# allowsl thi® swollen inetnl to pmn 
tkmm^ tb.e noasle* A otiall prots^ttsion was mdo near the 
hettos of the nosalo for allgtKt'ont purpose » Figuw 3*6« 

'5»1*3 s'talnleaa fit©©! Atoialaers , 

A stathlese steel atoniaer havin^g ©lx eyis»trlo 
4©ts of t/li” dimeter# etwrh laellnod m angle of 45 ^ 
with, v^rllcl© aatia and sfseetin^S; at a ammn lisplngeassint ' 
poloit wll^ atreass- of imoltwft laetal* .,.. ."' 




FIG.3.a. NOZZLE , ATOMIZER ASSEMBLY. 




» 3 *6* 0to©3» smsal© 

Cl) Ps'otsruQioR fos.” oligsment purpooa 


• ,y«?# nt.^iraeije i3to©l ©tOKiaey 

(1) ^ir ItiXfit 
Cs) Ciotvffiion oi>!E^oe 
C3) Air ;]et9 


« ;|#l;l* l^osssle atowi'?!©!* aas©:st>ly 

Ct) fiTapliit© en:iolbl© 

C2| ''tainleata otoel 

(3) l'’i|)© »iappai?tin?| atarisisor 

(4) Air Gsparatiisfi saaale and pip© 
auppikaJltAii atomiaar’ 
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Qomam hollow fjpooo in tho W|>p«a? portion of the atoml^ser 
rmintaino^ wniformity of prosjsure in eneh ,lot* ?hs noasle 
atoMsios* aooembly is echemtieally ohwm In Pl'pire 3.0, 

^'topper 'Rod« 

i\ otaiulesa steel rod of 0 lani difxnetor ami 
400 IBB lenii'th vdth a almped bottosi was used as a 
stopper rod. S'h© *V* ehaped bottom of tho rod fitted in 
’?♦ almped cavity of the noasslo providinij a water 
oontnot. 


'h2 

froporatlon of Ohnri^oi 

I’ho ohar{j 0 consisted of oumll pieces of 
to be atoraiKCd and re footed ooarae powder and 
j^raanulea from the previous trial. About on© kg. charge 
Vim used in each run* Before ichargitvg the furnace > the 
charge waa properly o leaned » first by Imnd sortinft to 
remove piece© of metal oxide a § oemaic» and other foreign 
matorialCf smd then by washing with water ecid acetone to 
remove dwat and clay. 1'h© charge was then dried first 
in air and then in an oven to remove moisture. 
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3 *’^*2 ABmmhly of the flot-up« 

Before fisslaij th© oruoihl© th© Inoia© of the 
^?!irria©0 \mu properly eloaoea and bottom of th© lljmcio® 
mB XovolXea horlsontaily v/ith the help of a spirit level. 
Th© jiosKle aM th© stopper rod v/ero properly cleaned nsinf^ 
eemtl paper to reinove oxld© loyer ao as to develop a viator** 
tl:;ht contact botvwsen the tw. Th© noasl© was placed In 
th© emoiblo and tested with vmter to chock whether th© 
strsani of water paesod exactly throuf»h the centre of th© 
pipe itsed for supportlnij the atotnlrser. Th© *V» shaped 
bottoia of the ©topper lod was ti?;*htly fitted in th© ’V * 
shaped cavity of the naaalOf aM tested with water for 
my possible lenkafi®. The crucible along with the noacl© 
and stopper rod was then placed in the furnace which 
rented on a ©lotted angle structure at a height of about 
3l' foot fi’oia the floor. The atoroiocr v^ao aligned with 
tla© fjotssl® through a pip© which enourod alignment of the 
IS® tax stream ¥/ith th© impingeiricnt point. Th© atomlaer 
vim oonnootod to a ooE^i'oosor or a gm cylinder through 
rubber tubings. A large water tank was placed exactly 
below the at omlaat ion e©t«up to oollaot isetal droplets 
and Quench then to room temperatur©. Schematic diagram 
of tha ccmplot© atomlatng unit iM &hom In Figure 3*i* 
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A ho 




propD.5‘©d olsai'^p m%f3 fed In the arucible, 
t,itoi'35i0cmji|>X®e tieed, for eontrollinr*:, end for 


eiiraat Jrraeswremerst of toRipemtur© of isolten metal# x^eopeo- 
war© proporXy pooitioned* ' 1*110 top of the fuitmee 


wiiSEi ooTOrad vdth aohoatoo nheotoi 


A dead wet^tht tim fixed 


on the stopper rod to prevent Its wp-llft due to metal lo- 
oMilio proaouice* li'ho fiirnao© wao ©lov»’ly heated wp* 

’?hMe ©ets of ©xparteenta wore perforsaed* In 


the ftm% sot» tin was atoniaed using two dlfforant 
atopiising sstlla# niamoly# air aM nltrogon# all other 
opea;*at;ii!?^;j ooi^ltlono boin;? coa-atant. In the oeeoiid. s»ot» 
the tesit-'isratm’© of the moltion tin wan varied and atOEilaation 
\iiii3 fifi^rriod out wtln^ air* Xn the thiswl oot» lead had 
tte atoMaed vfitti air uelnt; different nosale diameters # 
n{iit,©lyi f/64” and 1/16^# l^h® purpose of tb.eoe three eete 
vtm to fi^tudy the effeot of atoiaialng media# temperature 
of E©Xtea metal# nossssl© diajrioter imd the type of motel on 
tk# tpsllty of powder prodnoed* 

i’/h@n the deaired temperatwre wa® reaehed and 
isaintaiiaid for \m%t mx hour# the etopimr rod was lifted 
up and valve (for air atomisation » aompreesor me 
ueei# and for aits^ogen^ atomisation# a nitrogen oyliader 
me unedl msi ' opened to enpply the gae at about 100 pel* 
wtal whioh o»« out of :noK^e In -tl® -form ot ■ 
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‘gbii’i was? by .igaa 44'*'^® tlio fine dr-oplotn 

«Si?xleot©4 in th© vmtox* tan’is: belw th© atomisation 

t\m inxn wao over the r^m owltofied off 
mii tlie gm^tler was roKiovad froiti tii© tank* -Uh,© po^vdor wm 
thm subjected to varlouo toots after 

;K*;u!;;>*1 ■.■■leva analysis i i’.tiove analyoio was carried out 
uain;';’ a atandord of otevas* '’’•ho wei^^hts of 
initial ot®plc and the powder retained on the initvidual 
eieiveu after minutes of oiovin.'^ wore carefully deter- 
‘liie rejmlto of tVda teat are presented and 
diuoBBSed in the CViapter 4# 

!^«S*3*S f-‘Iow mte of powder i flow rate ia defined as 

CSojms) 

ttJe tim& required for a known mount of powder jto pass 
tii«’OUgh a eiimll opening provided at the bottom of a 
otsuifiord B&IX Plow 5.1et©rt Fii-^ire 3 #9* A atnndsrd oup of 
Immm volume wtw kept at a dlotanoe of 1" from the bottom 
of llsill Plow i-leterf arid the tim required for the powder 
to paeii through the opening hf the liopper wao meqaurod 
aeourate'ly using a atop watoh* 

1**?#3*5 Apparent deaoity teati ^hia teat meaaured the 
paokiig denoity of powdort and w&e oarrled mtt by paeeirg 
<*40^100 Wfoh powder: through a atandnaed Hall flesw, Meter ao . 
a@ to fill m -ttendord oup whoe# volime waa 
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liifiCiWE* '■■ha tiKooi-ia of ©■^i!!l?5 be mmyad hf lovolXimg 

it off '«sisig i\ sfemight aiJge* Coro v/fia ojcaroletsil , not to 
^^iDtos/b n,p,?;ars?.tu0 eni tho aur> ot eill rli\x’*ing ttio toot, ^?h« 
poMes' v/£is than oo'rofully rop'GTO.i fv-am the out> and 
cteeurataXy waigheSf Imcnvinij tho veliaxi® and mas of th« 
itis apim-ont density «c:mW M 'detorainodii 


3<.;'u3*4 %p 4i®K3l1srj ^.'ap dc?i‘i«i'ty io tha packing (l&mityr 
of tho poisaor after it la tapped or r»aohantonliy shaken 
dewi'i till tha XovoX of th© poivdar Iti tho stfindord ©up 
faXia B-s A <-*o04-2l'}0 molii oiaa saj^ple was taScan and 

fad 'ku tli® f^tandrard lialX Flow and pond or was 

to fall 'irrae3*y in a standard cwp of known volutso* 
'iim oi'ip v^ao oojfiis'ttHntly tapped nntil the powder level in 
tij.o eap 00013230 oonstant* retaoving the eKoess powder 

the p 0 ^?<l©r in onp was aeoumtely wolijhed and tap darsslty 
was detorioined# 


Pioroseonio eKsmlnatiojii ‘?he effect of varioti® 
on the shape of the powder 'partiolas was 
studied by ohaorvlng the wiawder araplo umtar a ralomsco|je 
at a iiagnifioatlon of iS55C, fhe result,® are disoussed in 
the following ohaptor* 
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Aa <ii9o«0S0d in Chapter 3# tho effect of 
operating; pararaoters on the pov/der qtns^iity detensined 
porfoyaing following teats j 

(1) Sieve anolyai®, 

(2) I’low rate* 

(3) Apparent det^lty* 

(4) -s-np denoity* 

(3) liicroeaoplc exaraimtioa. 

S’Hie I’ocgulto of these teats are presented and dieoueeed below, 

4 « 1 

I'he roBulte of sieve analyois for variowa sets 
are tabulated in Pablos 4«2 to 4«B* 

4*1.«1 iffeet of AtoEilelng Medluia on Sisse Metrlbutloni 

f’ia© distributions plotted as weight percent 
of tin retained on Individui^ sieve* for two imfdia* neiaelyi 
mlr and nitrogen are shown in l?i^:;ure 4*1, The shape of the 
distribution plots in two oases is nor® or less same, l^or 
nitiogea atoiaised partioleSf however* there is a trend to 
shift the distribution ourve towards right* : This 




FIG. 4. 2. EFFECTED ATOMli 
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« 0 rti 0 le GlgQ (listritotion of tin nov>:ler 



t 

Tin 


f,!©«Siu)tn 

8 

Air 

■i-OEiperature 

t 

GSO't? 


Fosjale dilametor 

* 


Pi.'oesur© 

t 

100 i)»i 






♦ 


r 

f 

t 

**T* 

t 


Mmn 

\ 

Opening 

t 

f 

Avorag© } ^‘'eiuh 

t 

1 

CuBMOulatlv® 

Oi©vo 

f 

f 

In 

f 

1 

opening { j*etaltted 

1 

1 

v?t# 

1^0* 

» 

1 

1 

silorona 

1 

I 

« 

» 

ol 0 o in S 
tm 1 

1 

1 

t 

paaaitug 


1 





t 



4- 40 

+420 

0.42 

5,730 

94.870 

•** 40+4^ 

-420+350 

0.3B5 

7*640 

86.630 

- 45*^60 

-350+250 

0,300 

20.B30 

65.800 

- 60+100 

-250+150 

0,199 

24.890 

40.910 

«.100+120 

—150+125 

0,174 

5.650 

35.260 

^120+140 

-125+105 

0,114 

11,615 

23.645 

«140+t70 

-105+08 

0,096 

9.360 

14.285 

..170+200 

- 80+77 

0*081 

8.085 

6,200 

«200+230 

- 77+62 

0,068 

5,125 

1,075 

o 

<y 

f 

- 62 

0,062 

1,075 



Awriig® aiiaa of powSei** i tSO mloron 
Simp® ■*■ Irsropilar 



in 








31 




|jhp,t 


%h& ^raotlofi of finer pov/iier to rsors 


%Q that in tho 0 ©ao of air ntorfii'^ocl particles* 

'■I'll© ff/craije partloXe tslae in cae© of nltro,^ 0 n atemiised 
pmimm‘ i{i3 1!32 ri:?jcroiiai v;horeae in tlis «aae of a,lr otonlHOd 


it to ml©s!^n 0 » i'he proiiistion of coarser pfrtioleo in 
ti'*© mm of air atoniaation can 'be attrlimted to formation 
aa 02 f,.Mo ©oattn?^ aronnti the r%5ta3L tlroploto. J^txan" 
r*iS;^rpst©i thf'it osMation of dwrlng aix‘ atomlaatien 

viooostty of nolton ti»tal during air atcmiaation 
wijioh was raoponslMo for the fomition of coaroer 
parlioi^s* 4 #2 showa a plot of cujar^lati'va v/oight 

parfitfir^ panaifiig of air and tvktxe^m atomiaed powdor* 
iiteilirsir oonoluoion oan he drawn fro® thia plot that* th® 
cuii^mlLs^tl'v® Vf0ii;’ht pei’oont psaols^;?* in th© cob© of nitrofoa 
ato»ir*ed powder higher tlian in the oao© of air atotsisaed 
pewlor* 


4«1»2 ©f fmperatum m Biiso Tiiatributlon# 


ai»© distribution plotted as the weight 


por'Oent s-etaiaed on Ij^iivldual ©low for air atomised tin 
pwdor at three different teB^ieamturee of ruoltea sietal* 


mwielyf 340'’<'J# and 450"S are »hown in Fi<^a» 4«5 

it io oirident that with Inoreaelng tenpera-tur©^ 
difttribntion mirw: shift® to right* the peak of the mvr® 
ii® lowtred* and ho weS^ht peretnl 'Of ooarae fr^iotlon ; 
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table 
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(leoroaaes* S'if-'ur® 4*4 repreooatEj a plot of ciaEM^lfttlvo 
weight perooiit paoeliiff voreuo Ao'i7" aiae* 'I’hlo plot also 
amppoi'to the view titet the eiiount of fine fx’nctlon 
inoMcaeoEi v/ith an isKjroaaa in terapcraturo of th© i^olten 
metal « Figure 4*5 shows a plot of weight percent of -200 
meiah povsler vernus teiapei’atur© of lioXten isetal# 




!l!eiap0ratur© j Average siae 
in ^0 \ in lEsiorons 

I 


T 



I taesh 


I 

►Ad 


Of 


450 

196 

6.240 

540 

17a 

7.570 

650 

166 

10.085 


Frofii th® F,l#?ur® 4*5 and ^able 4*1 it is 
ofetri43«® that the average partielo eta® deereaBes and th« 
weight peroantag© of -200 mesh powder increases with 
increasing temperature# l<®ad powder produced under same 
operating oondltion was found to he mch ooaraer oompared 
to tin powder* In the eae© of lead -200 meeh fraction 
was completely’ misoingt as i» evident from liable® 4*T and 
4*8«: %hert are 3^as poeslble for the i^tloles 
to be coarse in the ooae of lead * . : The denelty of molten 
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Xtiad is smeh hif’rier timn that of tin* Therefore, the 
atomiaing proosure required to produoe powdor portloleo 
of ofaso sia© v/ouM ho much highor than that In tha case 
of tin* l!i;»:hor vtscooity, awl oxidation could be the 
reaaonQ fof production of coarser partlolos in th© ease 
of l06\d* 

4i»1*3 iJffuot of IfosalQ Biametors 

IJffeot of noaale dioffletor on eia© distribution 
le tabulated in Tables 4 •? and 4*8 roapeotlvsly* Th© ©iss® 
distribution plot© for th© powder© pro4ic©d using two 
nossalos are shown in Figures 4*6 and 4.?* From the 
flliuros it lo evident that th© nlsso distribution tend© to 
ohlft toward© finer otoo with deoreas© in no^al© diameter. 
Th© average particle olsjoa of tin powdor wer-e 205 and 196 
KiiorottSf x* 0 ©peotlv©Xy, for the noafjle© of diameter 5/64'* 
and t/16"* la th© ©ace of lead the average ©la® tor th© 
two aossaieB was found to be 198 and 219 iiilo3?one renpeotively# 

Th® test was carried out ae described In 
Chapter 5 and the reaulte are tabulated in Table 4*9* It 
can be seen from the table that nitrogen atomised pcfwder 
eachlbited • higher flow rate as compared t o air atomiaed 

powder# ■ :Thia .i®: attributed vto tliO: fast t , 
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‘I'abXe 4«6 

ol? noagile diameter on nartiolQ olae 
lm\& nov^aer 


J'^iatei i 't'in ^/lodium s Air 

^•l^i^peratui*© i 450''U llosal© aiarietar s 5/64” 

ProsQure s 100 pal 


r;i0ve 

Ko* 

1 f 

J Opening' aifse } 

{ In microns { 

! «’ 

i... 

AvBi^age opening 
Bim In ram 

...... j - ^ 



rateined 

■i- 40 

4-420 


0,42 

1 1 ,780 

<« 404-45 

-4204350 


0,385 

15,650 

4!&'^60 

-3504-250 


0,300 

33.550 

604-100 

-2504150 


0*199 

19,550 

-ioD+iao 

-1504125 


0,174 

5*450 

^1S0-M40 

-125+105 


0,114 

3*350 

^1404*170 

-105+00 


0,096 

2,770 

-1704-200 

- 88+77 


0.081 

3,240 

-2004-250 

- 77+62 


0.068 

2,950 

-230 



0,062 

1 ,500 


Av0r&g& Bim oJu powaw i 805 aioron 
Sfeap® I Xrr©i^uXer 
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^.r’abl G 4.7 

nosalo diameter on m>rtiol© ols© diotrilmtion 

M'f»*tvtrwMWi/M«>'m>iiiMi iWb i«< (( mi,i> •« tKAj^iai. imuunvLiMiftiK ".<41*', r'nTffTmnTtir>i-w-¥?<nin<<ii«t>i»»i»»»»mM»fi«>*fr»i»ii-iHMiwin wn -iiinnuirp- j>n» -irtirfrvirrt itwrjt 

KetaX : ■ l^edliiim t *lr 

'^oaparaturo s 4-jO'''0 IJoas^lo cUnmetor t 1/f6” 

'I’rotiBim'*© » 100 poi 



f f ! # 

} o-poyiinf? ois© { Average opening { '‘'ei^ht ':■ 

>^iov0 I in jftlGrorm | sii5« In usn } retained 

140* I I } 

I I # 


4 40 

4420 

0,42 

1 .230 

«. 40^4!? 

-420+350 

0*505 

5.159 

-.4^460 

—•350+250 

0.300 

19*340 

- G041OO 

-250+150 

0.199 

37.420 

-100 ?• 180 

-150+125 

0.174 

7.290 

-1804140 

-125+105 

0*114 

9.050 

-1 40-*' 170 

9 

-105+88 

0.096 

19.160 

-1704800 

- 08+77 

0.081 

1.354 

-2004250 

- 77+r>2 

0.068 

im 

-250 

- 62 

0.068 

m 

Average oiae of powder t 

198 micren 



Bliap© I IrreipXar 





'^)ffact of on m , nrti.ole 

tliot.rlbvttlon of lead nmvaer 

"’otti'i s Load t Air 

7‘©t'i|)Qrat.ur@ s 450-^J Hossle dtaoieter t 5/64” 

X’rofciQur© t 100 pal 


A‘)’Dl.u I 5'JpeRln.^ Dlao | Average opening | ’Uolght /> 

t k*. f 4 I 4 « M 4 VI 


Siovo 

Ito* 

{ in siiorono 

k 

f 



I 

t 

♦ 

« 

f 

njiiiii..u--T-txr 

aiiso in mm 

1 retained 

1 

1 

1 

,^lrT>n^r#r^,.^nt-all -.,. hit nrTrrrr- n- 

^ 40 

4-420 


0.420 

2,6 

« 40‘<*45 

-4204-350 


0,385 

S.33 

•* 45*1^60 

-3504.250 


0,300 

80,00 

« 604-100 

-2504*150 


0,199 

47.60 

-.IOOi-120 

-150.^125 


0,174 

7,58 

1*1204^140 

-1254105 


0,114 

9.04 

-140+1T0 

-105488 


0.096 

4,85 


- 88474 


0.081 

ilM. 

-2004230 

- 74462 


0,068 


-.230 

- 62 


0.068 

m 

Ammm elss® of powder *■ 

219 laioron 



Shape t Irregular 
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fs,toiuiKO<^ pnr'tioles tjre mor«( yafjwlRa:' In f 3 linpe coRipftrsd to 
irre^plas* partiol®9 obtait^gfl uoln^' e^Ip m tho ntosilain^r 
mocliian. XrrQj^'juIor'ly slieped partloles lm<l tomlonoy to 
form a bxddge, Mq\\ hindox*«a the flmi of rnotal pnrtlclee. 
It wafj not possible to carry oat test for learl pov/cler » for 
the po.rtioXeo wore coarsor and very much ?nor© Irreffnilor in 
0lun>o* lairing the test those psirtioloa for>!5©d bridge ond 
completely bloEJked the omll openlag of the flow mtor* 


fhe reraulte of thie test are tabulated In 

t 

'i'abXe 4*9* Proia the teot data It is obvlou© that the 
app£iront density of tin powder produced uolng nitrogen ae 
m atomlaing raediuci was highoot* '>’hl8 can be explained 
by the fact these powder psrtiolee had a definite regular 
nhap® and therefore had a better flowabillty to fill up 
the voids within the utondsird oup v/horeae the irregular 
partiolea tended to fonts bridge leaving large void epaoe* 
for air atoffiiaed part idea apparent density ohowed a esall 
inoreaae with inoreas® In temperature* perhaps* heoattse 
of Inereaaed amount of finer pnrtioles whloh could fill the 
voMn* 
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<iQMs?it-V of tin W 0 v/der 


i';i. I Atomistitlon 
Mo* I t©mp©ratm‘o 

t 

< 

« 




I * ^ 

{Flow rato } Apporoat |5?ap 

I to { density jdenoity 



atoraiaation {oeacnds } (pr/co {gin/eo 

* » f 


3*934 
3*547 
3 #390 
3 .S 32 


'0 

Hitifogen 

22* 

m 

Air 

27, 

Hi 

Air 

49, 

Hi 

Air 

54, 



•865 

.761 
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of thla tost are ta^bmlated in Table 
4*9(1 The tap densiity woa always hl'^her than the oora^as- 
poMis?3 apparent denEJtty whloh waa quit© Xo^^ioal. The 
effect of atojalaln^j Ksediiaa and teraperatwr© of wolten 
rriotai on tap density v/ao the aame as the effect of these 
variablon on the apmx*©nt density, naraeXy, the tap 
density of nitrogen atoralaod powder was greater than 
tap domity of air atomiaed powder* Not Ktuoh change In 
tap Penalty v/as observed with increase in temperature 
of mlton KiotaX * 


4*5 Mioro30oT)lo Examination : 

Powders produced under different operating 
conditions, were miorosoopioally examined to determine the 
shape of the particles* 

4*5*1 Effect of Atomizing Medium on Shape of the Particle t 

Plgures 4*8 and 4.9 show air and nitrogen 
atomized tin particles, respectively, powders of size 420 
microns at a magnification of 255C. Figures 4*10 and 4*11 
show a similar photographs for powders of 149 microns . 
Similar trend in change in shape of particles varying 
fineness with change in atomizing media was observed.. On 
the basis of this observation it can be generalized that , 




V±Bt» 4.8 'Pin powder, air atomlaed 
at 6 50 «a and 100 pel 
pressure* Siae » 420 
miorono at inassnifioation 
of 25^ 



:*P4»: powder, -^ttrogen.; / : ^ 
atomlaed at esO'^O and , 

: 100 pot pressure 

420 raiorone.,at tJagtti«:-. ‘:fcvvVv;<;^^-, 
f tcation of' '■ ' ■ • ■ 




iv,; 




'■!■'■■■;■■ Wi 


■ ■ M 






I'll! powder* air 
?nn^?^ ai 650%‘ and 
i5iQ PJ^essuro. Jiiaoi 
149 ralorone at wni~ 
fioatioa of 


r 






■'• ••' : ■■ 'I '.v"':'v- a':i 




®iii powdej** hltro^ea 
at 65OO0^ana 
J?g JJi P^aeurev ilijsei 
14r»|orp^ .t »ag«M;: 
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atoiBi^ed povMero \7«r© mave r-e^plar In shape 
coaparod to air atoialaod pov/dor of the saa© fineness. 
Xrrotjulfett'ity in tSie shape of air atoraiaod powders was 
perhaps duo to rapid oxidation of aatol droplets which 
roonXtod in forsiatlon of thin o^c'Mo film on the surfao© 
of enoh droplet. 'rhi» oxide film ono© fomied did not 
allow th© onrfao© tensional forcoo to act to mat:© the 
particleo spherical In chape. On th© other hand, 
nitrof;];c5n an an atomlalng nedinm did not fora €«iy oxid© 
ooatinft ond thex’Ofor© tiwrfao© tonelonal force© had 
enough time to act on a partiolo to aelce it more regular 
in ehape. Ilowovej?, the effect of the ntoalalng jnedlua 
hocoxaco loss and Icoa dominant with inoreaeini:; flneneae 
of the partioleo* 

4.5*2 of I'omperaturei 

Ib aignificont oliang® in ohape of powder with 
incroaoe in wotal toraporatui:*© waa ohaervod. In th® case 
of tin powder ahap© of particles produced from molten 
metal nt throe different temperature© namely 650 C, 540®C, 
and 4!50'-*0, wao wore or looa oame* This observation is 
In ©groeiaont with the oboervatioa cited In literature 
B, 15*' ■ ; , ■ ■ 
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On th© baaia of rosiilta aM diocuaoion of tho 
i>x’ovio‘aa ohaptor follov/ln?;; cowcluoiorte can b© drawn* 

(1) Viith inoronae in temp^ratui^ of rtioXton the 

ois© diotrlbvition plot viewed tovmrda finer ©is© 
Dhowin,^ on inoreaao in the v^olfjht percentofs© of 
fin® partloles* '^’h© overage elae of the partielee 
o'JLoo dsoreased with inoreaae In temperature* 

(ii) "fltrogen, as an atoraissipg medium, tended to give 
finer and mm regular partielea as compared to 
air atomliaed partloles# 

(Mi) loKssle diameter also affected the sla© of tho 

psrtioleB, a noK«l© with smaller diameter shifted 
the Ola® distribution ourve towards the finer 
Oise . 

(iv) In general# ©tr atomieed lead partioloB were 

coarser and more irj'ogular in ©hap© compared to 
tin powders partiolos produced under similar 
operating oonditlona* . 

(v) Flowabllity# apparent density and tap density of 
nitjcogen atomiaed po3?tioXe» wer® hig>i®r than the 
oorresponding values of air atomlaod particles* 
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j!).?'];*/ h<a 1;ia'9 OGrioX«e3,on0 that laava 

1)GvTA'» i!s:‘S'r;s hert} fara «n whiah i» t>y m snaassn 

’"-I'leeaa ^atiolu^sloiya moi to to 
l*y Jsor© expojPteeiiittvfeSloa* 



tjm (li;s 3 eitB 0 ( 0 d. belcws 


Cl.'ii ^Cho ofjRiprfKooor c?i(l «iot f;ivo b ooKotant pr^sin^r® 

m: ffslt;* the trial* ti'hex’iii’oi*© f It Ici aeoefsoaify 

to a Qcmprmum" wtileh euppllos air at conotaat 
prea:ju;r?js throu^i^iout th© muo 


Clil 1:im atoBilsjay doolgrj « 0 eds a isodificatlon* 

?itomis3fttiort» ooi;® of tho atoial®®d portioXo© hav© 
a tosaleaoy to rs?ovo upwarda iiamediataly after the diraloto** 
emtioi's q£ atroaw of oolton r^tal at I*ai)tiog 0 j!!i 0 at point# 
io a rooult of oplaolxing of laolton aotal du© to 
tho lr%jh preooarioed air ^ota (o©0 Fi<-ii*re 6»1)# Thao© 
tiaxjflota to atlck to tlB ©old ©orface of atoni®®r» 
oi&ii ooXMli’iod* soX'Mifioation proijisx’ooj’-ao to 

m&M €i;i!r 4 oastont that it blooko tho oponlug: of th© atosataer 
at t'fee bottsei thorohy atopo th© tlm of metal i ®t5d 
l 3 .o»e© tho otoKilaatloa procaoa m a whole. It olioHld b« 
posoilslo to tfAko oaro of tbio problem by imr®a©lhg 
til© sllasator of atoml^ar from M* to ’P* m shcwm In 
fif^wr© ^#5?* , ;, 



FIG. 6.1. Existing atomizer design. FIG.6.2. Suggested atomizer 



FIG. 6. 3 . E'xisti ng des ign . FiG.6.4. Proposed design 



FIG. 6.5.;Nozzle seat. ;■ ■ , . FIG.,6.6. Suggested assernbly 
■ Fs.'ivE'' v's'mf c riicible r-and' no.zzle 




54 


iti'l) ';'ho otoppfjr rod ni>t havo ar\y fjuldo# ©trao© 
it is ..lifted It do0fj not olt into Itfj pooltlon in the 
siOivUiJio » Thijs or^atn a in eontrs'sHin.'! the 


(v) 

irii* ;:. . v\ i ^ V.l^ 


P\m ©xiatl?i:g ntiil |)i;'.opOi3od deolf^mj oro ohov./ 3 i In 
ai3d 6*4» ronpeetivoly . 

m havo aeon in IM-ur« 3.9 the nojsale site 
:.i,<xlblo button, at oni of the ran oiDtfil 


ar/iiMiit ef ie (*;42.v«iya lei’t in tlie crtioihle vildeSi io 

■ wmh3.o tf:.f floa’/ dumi tViO nosjsle due to hl?jh 

i;>«i?fGe© t-ension vieooeity of raolton riotnl. Aa a 
K'eis;5il5 c'i' tld^s omell aneusit of mtoX aXvfaya seta 


mPlMiSiQ^ at the hottosa tlio end of the run. 

oannot ho had imleas thin t'iatal lo jw.oved, for 


^FS«t 

tha 


io to ho pTOporiy irHll.fnod before eaob. run# A^hio 
MatfVal i,md oloanln:;;: of the noa»Io after ovoiy 
''"liiiib if \v0 roirsiiwo the nossaXe after every triaX the 
snip bDv^-fean noaoXo and emoibXo widens (aee 6 *'5), 

ao u of which noXtcn iKCteX can aaalXy enter tS» 

f>;np* itiio ia darigcroun. ?oi? this reason it ie deolrabXe 
to Imw m etainXcaa &tml- crucible with ramvable bottosi 
whin Vi fcfc it self acts ns a nonale (sea S’l£?ir© 6.S) 

fhc oatperiKientaX data in the pmsmt ©fcudy ia by 
IDO i8C«® cufficXcttt to draw ©pcoiflo conoXuolon© with 

Thcrtiforc it 1® nccces^ney to carj^ out mny 
oEpcxlmcnt® mt various operating Gonditlon for 
cottf’csmtlv® mmiltm* ,, ' ■ ■ ,■ 
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